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for batteries because of the low energy content associated with low levels of doping
and the inclusion of complex ionic species in the cathode. Recent studies have
indicated that doping levels up to 100 percent can be achieved in polyanilene. High
doping levels in combination with controlled morphologies have been found to improve
the energy and rate capabilities of polymer cathodes; A morphology-modifying technique

* was utilized to enhance the charge/discharge characteristics of Li/liquid electrolyte
polypyrrole cells. The polymer is electropolymerized in a preferred orientation
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kinetic behavior of polymer cathodes should result f; tniginvestigations o

*: ZODSTSL r;N iAVALABIUTY OF ABSRACT 21. ABSTRACT SEC ITY CLASSiFiCATiON

E:UNC.ASSIEAJNuMITED C SAME -is RP" C DrC USERS IUnclassified
ila 14A.E OFRESONSLE -~l~iUAL22b TELiPMONE hIncluo Area Coo.) 2c. OFFiCE SYMBOL

Boone B. Owens I 62 213

00a FOAM O473 3EPO4iL MAR OL_53 APR ecton fl of 4900 vQ~l xa5t~. SEC.~i1v CL..ASSIFICATION OF

0
"~~Kv~~ 8 6 29 3*~

%



athee is renewed interest in lithium/polymer cathode cell

Lithium Secondary Batteries: systems. Although they do not appear to be capable of
Role of Polymer Cathode Morphology achieving the theoretical specific energies of the solidintercalation cathodes, under certain conditions they may

Katsuhiko Naoi',". Tetsuva Osaka" and Boone B Owens' exhibit superior values for the power density in energystorage devices.
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160. JAPAN 2. "Electrically Conductive Polymers As Rechargeable

Promising cathode materials for rechargeable lithium Battery Electrodes," D. Naegele and R. Bittihu. Abstract
electrochemical cells include solid intercalation compounds No. A5-3, Extended Abstracts, p. 310, 6th International
such as metal oxides or sulfides and electroactive, polymer Conference on Solid State Ionics, Garmisch-
cathode materials such as polyaniline or polypyrrole. The Partenkirchen, September 6-11. 1987.
theoretical values for the specific energy of the electrodecouples maybe calculated for these two classes of cathodes; 3. Ishihar et a., CRIEPI report 736055 (1987).

the solid oxide type cathodes exhibit theoretical specific
energies in the range of 300-1000 Wh/kg, compared to 4. Ogawa et al.. The 27th Battery Symposium Japan, p.
values of about 200-400 Wh/kg for the polymeric cathode 197 (1986).

.4 materials. Lithium/polymer cathode cells have intrinsically
lower values for specific energy because of the low doping
level of the polymer films and the requirement of ionic

* doping associated with the faradaic reaction. Further, slow
-- ion diffusion within the bulk of the polymer films results in

lirmtations on the rate behavior of such cell systems. Pt NBR Pt NBR/PPy Pt PPy

An electrochemically-formed conducting polymer
'W film of polypyrrole (PPy) has been grown.on an electrode

substrate; when the substrate is precoated with a film of
nitrile butadiene rubber (NBR). a highly enhanced anion Etectro- pin with
doping-undoping process results because of the oriented- potyr-zatin organic satvon
growth strcture. This is illustrated in Figure 1 which
shows that the polypyrrole cathode materials are grown as NBR ore-coating Formation of Removal

* ., continuous fibers or dendrites normal to the plane of the NBR/PPY atloy of NBR
electrode (Ref 1). In order to prepare this high surface area
electrode structure, the NBR film is solvent cast onto theF
surface of the electrode. When this insulated electrode is Fig. 1 Preparation procedure of NBRIPPy fim
inserted in the electrolyte solution (for example, LiCIO 4 in
acetylnitrile) the NBR film is partially dissolved. As
channels are opened up due to this dissolution, the
electropolymerization of the pyrrole initiates at the electrode Pt Electrode NBR film
surface. The polypyrrole film then deposits in the direction

'p.. perpendicular to the substrate, forrming within the matrix of
the NBR host-polymer. The guest PPy polymer grows
through the fine channels etched by the penetration of-the

a electrolyte into the NBR film dunng electropolymerization as
shown "in Figure 2. The host polymer of NBR film is -TubuLar channel
subsequently removed in order to leave the backbone of the Y
precipitated PPy film. S Pore etching

\ soLvent
Potential step and AC impedance measurements for 0oLymer immersion time

these electrodes demonstrate that the NBR/PPy electrode -got
.4', exhibits a faster anion doping process than an ordinary PPy IgroWtn

eiectrode (Ref 1). Inspection of the surface of the film by "nion r- Etcned Layer
Scanning Electron Microscopy revealed that the PPy film otenotiOL before PPy nes

, grown directly on platinum substrate exhibits a relatively srted to grow
compact structure of approximately I um thickness. In con-

O trast the PPy film formed by the NBR process exhibited a 0/-)

- porous open structure with a thickness of about 2-3 Fig.2 Schematic model for tubular channel formation intowhen equivalent amounts of polymer were deposited ( F BR film and polymer growth through it. -

coulomb/cm 2 ). By
":e By ..

The polp~yrrole exhibits a doping level of about 33 D

percent and this cathode has been developed into a -
commercial battery design (Ref 2). More recently Avalablity Cods•polyaniline (PAn) -as reported to~xh ibit a doping level in DT V ivalJl andl/or
excess of 80 percent.(Ref 3); this results in an increase in the

theoretical specific energy for a cell system utilizing such a coyDist specia l
cathode. The Li/PAn system has also been recently reported . I
in a cornmercal battery development (Ref 4). With advances ' }

*'. in the doping levels and also the ability to contao the
morphology in a manner that enhances the rate capability, -
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